Introduction
The Defense Advanced Research Projects Agency (DARPA) programs often involve the application of emerging techniques of analysis and design to mature technology to provide revolutions in system capabilities. The two program areas described herein fit within this general framework. The first task described is the application of genetic algorithms to design electronics system solutions. The second is the application of photonics component technologies with other highperformance electronics components to produce receivers with heretofore unattainable performance in spur-free dynamic range, when referenced to bandwidth.
Genetic-Based System Design
In analysis tasks, algorithms are routinely used to perform calculations or manipulations on functions or values that form the solution of a problem; such as the currents on an antenna/optics based front-end/receiver or the values of basis functions in a mathematical transformation. In these examples, it is clear how to define success in terms of the fit of the solution to a physical or mathematical principle or law such as conservation of energy or mean squared error. In these tasks, there is often little need for creative solutions as "brute force" calculation is often adequate.
In complex design tasks, however, the relevant solution space can be extremely large and human intuition is often inadequate to propose design paradigms that are maximally efficient. Usually, researchers start with modifications to existing designs or to introducing new materials or subsystems into conventional designs to produce generational improvements to systems. To produce groundbreaking results, researchers are starting to turn to new paradigms of design and analysis such as genetic algorithms. Although genetic algorithms often produce unconventional designs, they will be efficient based on rules that the system developer defines and will generally fall outside of the typical suite of solutions.
One can conceive of many ways in which such system design may be carried out, but this task will look at several such examples and provide guidance for its application to systems relevant to the ATO mission.
Photonics-Based Receiver Technologies
Photonics component technologies have been pursued for a number of years in the development of all-optical systems and for their linearity and digitization advantages over standard electronic receivers. This effort was intended to use these component technologies to exploit their advantages at the system level. A photonics-based receiver could be the key to performing a wide variety of Radio Frequency (RF) reception operations in strong RF Interference (RFI) environments. Intelligence, Surveillance, and Reconnaissance (ISR) is a key capability that will become increasingly important as our military transforms into a faster, lighter, and more flexible, responsive and lethal force. The types of threats and battlefield environments that are likely to face our military in future conflicts have shifted dramatically in recent years. A high degree of situational awareness will be needed for the survival of our future warfighting systems. The ability to provide assured and effective communications, signals intelligence, and battlefield sensing and to deny these capabilities to our adversaries will be essential.
Strong RFI environments are a frequent hallmark of military operations. Powerful radars and jammers create interference that poses significant challenges in detecting and exploiting many classes of signal. A photonics based front-end receiver seeks to integrate emerging direct and wideband Optical Sampling (OS) and Optical Channelization technologies to demonstrate, at the system level, significant advances in detecting and exploiting RF signals in demanding interference environments. 
Task Objectives

Technical Problems
Team Schafer did not encounter any technical barriers when conducting its tasking.
General Methodology
Team Schafer worked within DARPA processes and procedures in supporting the programs. Technology transfer direction was initiated by the DARPA PM and then augmented by Team Schafer support.
Significant Hardware Development
Team Schafer did not develop any hardware.
Special Comments
The descriptions of the DARPA support herein are applicable to the support Team Schafer provided to the DARPA Advanced Technology Office on Delivery Order 0018.
Implications for Further Research.
None.
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